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The present invention relates to equeou&»develop&bte dry-f 3m photoporymsrizoble oompooHtona useful 
as photoresists. 

AqueciJS-developable dry-film photopolymenzable compositions can be used In the manufacture of print- 
ed circuits hoards. Such phofopoJyrnerizaWe compositions sre generally made by applying the sotvated resist 

5 material to a carrier, such as a transparent polyester mm, and then evaporating the servant to produce the dry 
film. For example, US-A-4,686,171 and US-A-4,725,524 disclose aqueous developable photopdymeftzable 
compositions In the form of dry films. In typical use as a photoresist, a dry-f Dm photopcryrnsHzabte composition 
to applied to a copper-dad substrate along with the carrtar, exposed in certain areas through the carosr to 
actinic radiation that will cure the fOm, and then washed with en alkaline aqueous solution to remove the un- 
to exposed film from the copper. The exposed copper surface can then be removed In etching solutions leaving 

the protected area under the cured photopoJymerteable composition to form the electrical circuit US-A- 
3,469,982 US-A-4,283,635\ and US-A-4,268,610 disclose examples of the pftostoiirmglng techniques and 
equipment, including radiation sources, exposure Intensity and duration, dsveloplng and stripping solutions and 
techniques, and laminated board compositions, 
r * Phctopolymerizable compositions intended as photoresists are preferably designed to keep exposure time 
and development time to a minimum as well as to ensure that the photopdymerizabte composition ie prefer- 
entially adhesive to the earner material as opposed to the cow material . It Is also important to maintain flex- 
fcBity in the materiel after curing so the cured material does not crack or break during processing. 

However, a defecate balance of ingredients must be maintained in photopoJymanzabSe composition formu- 

6 lations. Materials that advanfsgeously affect flexibility of the resist, even when used in small amounts, might 
easily adversely affect exposure time or development time or might adversely affect the preferentially adhesive 
character of the composition. Plasticizers such a N-ethyt-teJuene sulfonamide have been incorporated into 
photopolyrnerizabte composition formulations in order to increase floxibilfty. However, such ptasticizers can 
leech out of the composition, which Imiits their effectiveness. 

25 According to the present invention there td provided in an aqueous-developable dry-f 9m pnotopoJymariz- 
aWe composition, the improvement wherein the photoporymerizable composition further comprises a carboxyi- 
contalnlrtg potyuret hane having at least one ethyientcaBy unsaturated end group as a piasticizer. Ethylentc un- 
saturatlon In the pofyrner allows it to react with other materials in the photopdymerizabte composition during 
photopdymerization, thereby becoming part of the cured matrix. Floxlbfllty of the cured material is t hereby inv 

30 proved since the piasticizer, as part of the cured matrix, will not leech out of the material. Carboxyt groups 
increase the polymer's sotubflity, which facilitates removal of the polymer from uncured areas during washing. 
The present invention also provides an article comprising the dry-film photopoJymsnzsble composition de- 
posed on a carrier. The present invention further provides in a method of using an aqueous-developable dry- 
film photODofyrnertzabte composition comprising the steps of applying to a substrate the photopo^merizable 

& composition disposed on a carrier, imagewise exposing (that is, exposing through a negative) the phctopoly- 
merizable composition through the carrier to actinic radiation sufficient to Cure the photoporymsrizaWe com- 
position in exposed areas, removing the oarrisr from the photopefyrneriza We compos&ton, and washing the 
photopolymerizable composition with an alkaline aqueous solution to remove uncured prtotopefymertzQble 
composition from the substrate, the improvement wherein the photopotymerizabie composition further com- 

40 prises the carbaayl-oon taming poryurathano having at teast one ethyienicatiy unsaturated end group. 

Aqueous-developable dry-f Qm photcporymsrteable compositions are well known in the art, and specific 
components thereof and their relative amounts in addition to the poiyurethane piasticizer that are useful &i 
accordance with the present invention wilt be readily apparent to the skilled artisan. "Dry" f Bms are those in 
which solvent has been evaporated. In an embodiment of the present Invention, the photeporvmerizabts com- 

45 position includes a carboxyl group-containing, film-forming pofymeric binder, a fres-redlcal photolnitlfltor, a 
polyfunctions] add'itlon-rjorymarizablo monomer, and a thermal polymerization inhibitor in addition to the poly- 
urethane ptasoazer. Other optional additives ere also useful, such as adhesive promoting agents. Based on 
the total weight of the dry-f Km photopotymerizabie composition: the amount of polymeric binder varies from 
30-75%, more preferably from 45-60%; the amount of photoinrtotor varies from 2-10%, more preferably from 

so 3-7%; the amount of addition-polymerizable monomer varies irc^ 5^%, more preferabJy 15-25%; the amount 
of polyure thane piasticizer varies from 0. 5-30%, more preferably from 2-30%, and most preferably from 9-15%; 
and the amount of thermal polymerization inhibitor varies from 0.003%-rj .04%, more preferably from 0.01%- 
0,02%. 

The pdyurethans useful as piasticizer in accordance with the present invention has a preferable acid num- 
w ber (that Is, the number of milligrams of KOH need to neutralize on© gram of the polymer) of 1-1 50, more pre- 
ferably 2-140, most preferably about 10, and a preferable molecular weight of 5,000-50,000, more preferably 
15,000-25,000. The poryurethano is preferably made by (1) reacting a mixture of at least two aliphatic dtole 
and an aliphatic dlhydroxy mono- or dlcairboxyiic acid with an excess of an aliphatic cyclo-ellphatte or aromatic 

2 
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difeocyanate in the presence of a catalyst to produce an isocyanato-terminated urethane polymer having free 
carboxyf groups on t he polymer backbone, and (2) reacting the terminal isocyanate groups of the product of 
stop (1) with an aliphatic monohydroxy methacrylate. 

The mixture of dwls used In step (1) of the preferred process includes at least two aliphatic dlols. preferably 

5 t hose having a weight average molecular weight of *\ 000 to 4000. Suitable aliphatic d tots include polyethylene 
glycol; polypropylene glycol; a block copolymer made by reacting a propylene oxJde polymer with ethylene ox- 
ide; polytetrahydroftjra \ dlol; polypropylene adlpate d k>i; neopentyl glycol adlpate did; 1 ,4-butaned}ol ethylene 
glycol adipate did; 1,6-hexanediol phthelate adipate neopentyl glycol phthalate edipate dlol and ethylene gly- 
col adlpate dioL The mixture of dioie also includes an eJiphatic di hydroxy mono* or dicarboxytic acid. Suitable 

10 dlhydroxy carboxyllc acids Include bto-hydroxymethyl propionic acid, ia-dlhydroxybutanote acid; 2,4-dlhy- 
draxy-3, 3-dlmethybut8nofc acid; 2 l 3^ihydroxyhexadecanoic acid; diiydroxy-butenoic acid, tartaric acid and 
2 l 3-dihydroxy-2-met hyi-propionic acid- The concentration of hydraxy-functionaj carboxylic acid can be varied 
from 0.2% to 30%, preferably from 2% to 5%, based on the total weight of the components used to prepare 
the urethane polymer. 

7$ The mixture of diots is reacted with an excess of an aliphatic, cycloallphatic or aromatic dieocyanate. Suit- 
able diiaocyanato&s include, for example, 2,4- or 2,6-toluene dlisocyanate; ieophorone diisocyanate; 1,6-hex- 
amethylene dBsocyanate; 2»24-Wmethylhexamethylene-tWHsocyanate; p.p'-methylene-bls-phenyllso- 
cyanate or mixtures thereof. 

The equivalent hydroxy! to isocyanate ratio for the reaction can vary from 1 .1 to 2.0. The reaction temper- 

20 ature Is preferably from 40°C to 90°C, most preferably from 70°C to 80 °C. The reaction Is preferably carried 
out in the presence of 50 to 300 ppm of an organic tin compound or from 0.1 to 3% of an aliphatic amine com- 
pound as a catalyst Suitable catalysts include, for example, diodyf tin bis(isoociylrnerceptoacetftte), dibutyttin 
diiaurate, dibutyttin dtisooctylmaleate, triethytenediamine, triethsnoiamlne and trlethylamtne. 

The urethane polymer that b formed is characterized by the presence of free carboxyilc acid groups on 

25 the backbone of the polymer and isocyanate groups at the ends of the polymer chain. 

In the second step of the reaction, the product from step (1) Is reacted with an aliphatic monohydroxy ac- 
rylate or methacrylate in an amount sufficient to react with the Isocyanate groups at the ends of the polymer 
chain. Prom 0*2 to 10 equivalents of excess hydroxy-functional methacrylate are preferred. Suitable acrylates 
and methacrytates Include, for example, 2- hydroxy propyl acrylate and methacrylate, butsnediol monoacrytate 

so and monomethacrytate, butanediol monoacrylate and monomethacrylate, polyethylene glycol (10-20 moles 
ethylene oxide) monoacrylate and monomethacrytate and polypropylene glycol (5-20 moles propylene oxide) 
acryiafe and methacrylate. An organic tin compound or an aliphatic amine compound of the types and amounts 
spec if ted above can be used as a catalyst for this reaction is desired. The resulting urethane polymer is a liquid, 
has acrylate or methacrylate groups on the ends of the polymer chain, free carboxyl groups on the polymer 

39 backbone, and an acid number of 1 to 150. 

The free-radical photoinitietor useful in accordance with this invention is a conventional photainttiater ac* 
tivatabte by actinic radiation that is thermally inactive below about 1 85 P C. Exemplary photo initiators ere aro- 
matic ketones, such as benzopheoone and dknethoxyphenyl acetophenone. Other useful photoinitiators wBI 
be apparent to those sklled in the art. 

40 The poryfunctiona) addlion-pdymertzeble monomer that finds application in the subject invention is non- 
gaseous, contains at least 2, preferably 2 to 4, more preferably 2 to 3 ethylerric double bonds. Having at least 
2 ethyienie double bonds makes the monomer pd yfunctlonal, i.e., capable of cross-linked polymerization. Suit- 
able monomers include afkylene or polyaflcyiene glycol diacrylates. Monomers containing vinyl Wane groups 
conjugated wit h ester linkages are particularly suitable. Illustrative examples include but are not limited to ethy- 

49 lane dtacryiate; dlethylene glycol dlacrylate; glycerol diacrytatB; glycerol trtacrytate; 1 ^-propanediol dimetha- 
crylate; 1,2,4-butenatrlol trimethacryiate; 1,4-benzenediol dimethacrylate; 1,4-cycJohexanediol diacrylate; 
penteerythritol tri- end tetramethacrylate; pentaerythritol bv end tetraacrylate; tetraethylene glycol dTmetha- 
cryiate; trimethylol propane trimethacryiate; triethylene glycol dlacrylate; tetraethylene glycol diacrylate; pen- 
taerythritol triacrytatB;trirr»thyfol propane triacrylate; pentaerythritol tetraacrylate; 1,3-propanediol diacrylate; 

so 1 ,5-pentanediol dirriethacrylate; and the bis-acrylatee and bis-methacrylates of potyethylena glycols, polypro- 
pylene glycols, and copolymers thereof of molecular weight from about 1 00 to about 500 (number average). 
Other useful polymertzaWe monomers w&J be apparent to those skilled In the art 

The thermal polymerization inhibitor useful in accordance with the instant invention prevents thermal poly- 
merization during drying and storage. Examples of useful thermal polymerization inhibitors ere p-methoxyphe- 

65 nol , hydroqulnone, alkyi and aryl- substituted hydmquinones and quinones, tsrtbutyt catechol, pyrogeJIol. cop- 
per reslnate, p-naphthol, 2,6-dkert-butyl-p-cresol, 2,2-methy!ene-bis(4^hyi-B-t-butyphenol), p-tolytquh 
none, chlorani. aryl phosphites, and aryl alkyi phosphites. Other useful thermal polymerization inhibtos will 
be apparent to those sklled In the art 
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The cflrtooxy* group containing film-forming polymeric binder useful in accordance with this invention is 
prepared from one or more flnvforming. vinyl type monomers and one or more alpha, beta ethylenlcally un- 
saturated carboxyf group containing monomere having 3*15 caftan atoms, which makes the binder soluble In 
aqueous media. Examples of useful vinyl type monomers area) Kyi and hydraxyalkyt acrytates and methacry- 

8 lates having 3-15 cartoon atoms, etyrene, and alkyf substituted styrenee. Examples of useful carboxyl group- 
containing monomere are cinnamlc acid, crotonlc acid, aortic acid, acrylic acid, mat hacryiic acid, itaconicadd. 
propionic add, makHc acid, ftimarlc add, and half esters and anhydrides of these acids. Other useful binders 
will be apparent to those sidled in the art 

In one embodiment, a monofunctionel carboxyl group-containing addition pofymerizable monomer is added 

10 lo the photopolymerlzable composition of the Instant Invention. The men afunctional (I.e., containing one ethy- 
lene double bond) carboxyf group containing monomer is used bacausa the photo pdymertzed material made 
from the photo pdymerizable composition Is then strlppable from a substrate in emaB pieces. Without this 
monomer, the photopojymerfzed material strips well, but In large sheets. Stripping In small pieces Is preferred 
since the photopofymerteed material between fine lines is more easily removed. Also, some stripping appara- 

15 fuses have f fltratton systems that could have dogging problems if stripping occurs in large sheets. Based on 
•he weight of the photopolymerizabie composition of the instant invention, the amount of the monofunctional 
carboxyl group-containing acWItton-polymsrfzable monomer used la preferably from about 1% to about 10%, 
more preferably from about 1 .5% to about 6%, Useful monofunctional carboxyl group-containing add toon- pcty 
merizflble monomers are, for example, itaconic add, t>eta-*art>oxyethytacrylate, citraconic acid, crotonfc acid, 

20 monomethacryloyloxyethyl phthalate, monoacryloyloxyethyl phthalate, and tumaric acid. Other useful mono- 
mers wBi be apparent to those skilled In the art. 

The photopolymerizabie composition of this invention optionally includes additives well known in the art 
of photopolymerizabie compositions, such as leuco (i.e., printout) dyes, background dyes, adhesion promoters, 
and antioxidants. Other optional additives will be apparent to those skilled In the art. WhBe (testable, the opt- 
as leal additives are not essential to the instant invention. 

The photopolymerizabie composition of this invention Is prepared by mbclng the various components in a 
solvent Suitable solvents are alcohols, ketones, halogen ated hydrocarbons, and ethers. Other solvents will 
be apparent to those skilled In the art After mixing, the composition is then coated onto a support or carrier, 
and the sofvent is evaporated. The ptotopolymerizable composition has a preferable thickness of 25.4 to 50.a 

so urn. Carriers are preferably about 0.0254-0.0608 mm thick. The photoporymerizable composition of this Inven- 
tion, i,e.. as rolls of dry film sandwiched between a flexible support member and a flexible cover member. It 
will be apparent to those skaied in the art that dry f 3ms of the instant invention can be made on inflexible sup- 
ports as well a flexible supports and may be supplied as stacks of laminated sheets. 

The photopotymerfeaWe composition of this Invention Is used as a photopofymerfeable composition in the 

& manufacture of printed Circuit boards. Generally, the composition fe applied ontothe copper surface of a copper 
dad substrate, exposed to actinic radiation through a negative to create a latent image of photopctyrterized 
material, and developed in a known aqueous developing solution to remove the un polymerized composition 
from the copper surface. The portions of the surface not covered by the photoporymerized material are then 
modifiable by known processes, e.g., by plating or etching procedures, while the photorjolymenzable compo- 

40 sition protects the covered surface. The photoporymerized material can be ultimately removed from the sub- 
strate by washing with known stripping solutions. 

The pfcrtopolymerizable composition of the instant invention is applied to the copper dad substrate by 
known procedures, such as hot shoe or hot roll lamination of the dry film attached to a transparent pedable 
support, which support Is removed after polymerization. Generally, the amount of actinic radiation used to poly 

49 mertze the composition varies from about 35 to about 1 60m J/cm 2 , wit h precise amounts determinable by those 
skilled in the art based on the specific composition used. 

The copper dad substrate is any known copper/dielectric laminate used in circuit board manufacture, such 
as a copper clad board of f iberglass reinforced epoxy resin. Other useful dielectrics will be apparent to those 
skilled in the art. 

90 The aqueous developing solutions used in accordance with this Invention have, by weight about 0.5-1 0% 
alkaline agents, preferably about 0.6-1%, and the latent Imaged board Is washed In the solution for a time suf- 
ficient to remove the unpolymertzed composition. Useful aKallne agents are alkali metal hydroxides, e.g., li- 
thium, sodium and potassium hydroxide, the base reacting alkali metal salts of weak adds, e.g., sodium car- 
bonate and bicarbonate, and alkali metal phosphates and pyrophosphates. The circuit board can be submerged 

55 in the developing solution or, preferably, the edutton Is high pressure sprayed on the board. 

In general, the stripping solutions useful In removing the photopdymerlzed material in accordance wfth 
the instant invention are heated aqueous alkaline solutions, using the same alkaline agents as the developing 
sdutions, but having a higher alkaline concentration. I.e.. generally, by weight from about 1%-10%, preferably 
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from about 1%-3%. Generally, the stripping solution Is heated to a temperature of about 45°C-65°C, preferably 
about 50°C-55°C. Washing the substrate to remove the photoporymerized materia) is by methods well Known 
to those skilled In the ait such as spraying the substrate with the heated stripping solution or, preferably, agi- 
tating the substrate in a heated bath of the stripping solution. 
6 In order to more clearly descrbe the present invention, the following non-limiting examples are provided. 
Ail parts and percentages In the examples are by weight unless indicated otherwise. 

EXAMPLE 1 

io A poryurethane useful In accordance with the present invention was made aocordlng to the following for- 
mulation. 



1S 



polypropylene glycol 1 995 

block copolymer* 9** 

bin -hy or ©xymethyl - *7 

propionic acid 

toluene dilaocyanate B7*l 

2-nydroxypropyi 144 

mothacrylate 





emiiv. 


29,28 


0*0294 


42.63 


0.0423 


2*37 


0-0353 


U-07 


0,1013 


3.S8 


0*0269 



height average molecular weight 2,000, available from oiin 
chemical Co. under the name Poly G 53-33 • m„,i- m 
height everege molecular weight 2,000, aade ^ 
oxide vith a propylene oxide polyaer and available from 01m 
Chemical Co. under the name Poly C 20-3$, 



The polypropylene glycol, block copolymer and bis-hydraxyrnethyl-propkinlc add were dried under a ni- 
99 trogen purge for 12 hours at approximately 60°C. Dloctyttln bte(teooctylrnencaptoacetato) catalyst (0.01 5%) was 
added, followed by the toluene difsocyanate. The reaction mixture, stHi under nitrogen, was heated to 75° to 
80°C. Samples were taken for isocyanate analysis. At 1 .8% feocyarmte, the 2-hyrJroxypropyl methacrylate con- 
taining 0.10% butylated hydroxytoluen* as a etabirzer and 0.015% of the same tin catalyst were added under 
an air atmosphere. The final product had an add number of 10.2. 

40 

EXAMPLE 2 

Thla example demonstrates a dry film photopolymertzable composition made In accordance with the pres- 
ent invention that is provided as a roll of material in which the resist is sandwiched between a polyester carrier 

45 f Bm and a polyethylene cover film. 

A photopolymertzable compositions was prepared using the following Ingredients: 77 parts acrytate poly- 
mer (31% solids) 13% ethyl acrytate, 65% methyl methacrylate, 22% methacrylic acid, made as in Synthesis 
Example of U.S. Pat No, 4,965,343, except that methyl ethyl ketone (MEK) was used instead of teopropyt al- 
cohol, and the final material was adjusted to 31% solids; 0.23 parts adhesion agent (molecular weight 22,000, 

» partially hydrolyzed hydrcxyl-modified vinyl chloride/vinyl acetate copolymer, about 80% vinyl chloride, 4% vi- 
nyl acetate, 23% hydroxyl content, available under the name UCARVAGD from Union Carbide.); 3% methoxy- 
lated Bis phenol A dimet hacryiate (available under the name BPE 500 from sWn-Nakamura Chemical Co. Ltd.), 
2.9 parts urethane polymer from Example 1; 7 parts trl mot hylo! pro pane trtacrylate (Sartomer Chemical Co.) 
1.6 parts dimethoxyphenyl acetophenone (Ciba-GeJgy); 0.3 parts isopropyl thioxaothone (Aceto Cnemteal 

56 Co.); 1.5 parts ethyl oinethylaminobenioate (Aceto Chemical Co.); 0.6 parts pentabroirKjmorxxihlorocyclo- 
hexane (PC8H, available from Nbsel Chemical Company, Japan); 0.6 parts ethoxyiated ethylene diamine 
(available under the name QUADROL from BASF Corporation, Chemical Division. Parsippany, NJ); 0.02 parts 
butylated hydroxytoluens; 0.4 parts Itacontc add; 0.08 parts dietharK>iamine-modif led tolyl triazote (avaiabie 
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under the name REOMET 42 from Cibe-Geigy Corporation, Hawthorne, NY); 0.05 parts first dyo solution 
(244% Brilliant Green, 6.27% Victoria Blue, and 91 .29% methanol); 0.4 parts second dye solution (5% Brilliant 
Green and B5% methanol); and 0.2 parts Leuco Crystal Violet The composition was mixed thoroughly, and 
coated on a 92 gauge transparent polyester film to thickness of about 38.1 urn. The materia) was then dried 
tn an oven to remove the solvent The dried photopdymerizaW© composition was then laminated with a 254 
urn thick polyethylene rim and rolled Into a roll around a cylindrical core. 

EXAMPLE 3 

This example demonstrate* a further embodiment In accordance wfth the present Invention In which a dry 
ram photopolymerizable composition is provided as a roll of material in which the resist Is sandwiched between 
a polyester carrier mm and a polyethylene cover f ilm. 

A photopolymerizable composition was prepared using the following Ingredients: 78 parts acrylate polymer 
(31% solids) as In Example 2; 0.23 parte adhesion agent (molecular weight 27,000. partially hydrolyzed hy- 
droxyi-modiffed vinyl chloride/vinyl acetate copolymer, about 90% vinyl chloride, 4% vinyl acetate, 2.3% hy- 
droxy! content, available under the name UCARVAGD from Union Carbide.); 3% glycerol propoxy triacrylate; 
2.9 parts urethane polymer from Example 1: 7 parts trfmeihylolpropane triacrylate; 2.5 parts benzophenone; 
0.13 parts M letter's ketone; 1.5 parts ethyl dimethylaminobenzoaie; 0.6 parts pe ntfibrorrwrr^noi^kirocydo- 
hexane; 0.6 parts ethoxyiated ethylene diamine; 0.02 parts butytaled hydroxytoluene; O.Od parts diethanola- 
mine- modified tolyl trtaote; 0.05 parts first dye solution (2,44% Brilliant Green, 627% Victoria Blue, and 
91 .29% methanol); 0.4 parts second dye solution (5% Brilliant Green end 95% methanol); end 0.2 parts Leuco 
Crystal Violet. The composition was mixed thoroughly and rolls of dry film were made as in Example 2. 

EXAMPLE 4 

A urethane polymer was prepared. Under nitrogen at 60°C. a mixture of 37.01 parts polypropylene glycol 
(as In Example 1 ), 53.68 parts block copolymer (as in Example 1 ). and 2 parts tartaric acid were dried overnight 
The mixture was then cooled to about45-55°C, and 0.015 weight* dfoctyftin Ks(isooctylmercaptc^cetate) cat- 
alyst was added followed by 13.36 parts toluene difeocyanate in three equal increments. Alter 30 minutes the 
reaction mixture was heated to 70*C while suH under nitrogen. The OH/NCO equivalent ratio was 1 :1 3. Sam- 
ples were taken for teocyenete analysis. At 1 3-2.0% laocyanate, 7.65 parts 2-hydroxypropyl met hacryiate and 
0.01 S welg ht% of the tin catalyst along with 0.10 weJght% butylated hydroxytoluene as a stabilizer were added 
under an air atmosphere. The temperature was then raised to approximately 75 V C unta NCO content is less 
than about 0.1-0.3%. The final product had an acid number of 18. 

EXAMPLES 

This example demonstrates en embodiment In accordance with the present Invention using the urethane 
polymer from Example 4 as a plasticizer. 

A photopdymertzable composition was prepared using the following ingredients; 76 parts acrylate polymer 
(31% solids) as in Example % 023 parts adhesion agent (molecular weight 27,000, partially hydrolyzed hy- 
dnaxyJ-modrfted vinyl chloride/vinyl acetate copolymer, about 90% vinyl chloride, 4% vinyl acetate, Z3% hy- 
droxy! content available under the name UCARVAGD from Union Carbide.); 3% glycerol propoxy triacrytate; 
2.9 parts urethane polymer from Example 4; 7 parts trhnethytelpropane triacrylBte; Z5 parts benzophenone; 
0.13 parts Mtehier'e ketone; 1 .5 parts ethyl dlmethyiamino-benzoate; 0.6 parts pentabrcfnomonochloro-cydo- 
hexane; 0.6 parts ethoxyiated ethylene diamine; 0.02 parts butytaled hydroxytoluene; 0.08 parts diethanoia- 
mine-modified tolyl triazoie; 0.05 parts first dye solution (2.44% Brilliant Green, 627% victoria Blue, end 
9129% methanol); 0,4 parts second dye solution (5% Brilliant Green and 95% methanol); and 02 parts Leuco 
Crystal Violet. The composition was mixed thoroughly and rolls of dry film ware made as In Example 2. 



Claims 

1. In an aqueous-developable dry-film photopolymerizable composition, the improvement wherein the pho- 
topolymerizable composition further comprises a carboxyi- containing poiyurethane having at least one 
ethyfaniceily unsaturated end group, and is present in an amount of 0,5-30% based on the weight of the 
dry f 0m pricrtopdyrrierizable composition. 
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2- The photopotymerizable composition of claim 1 wherein the polyurethane has an acjd number of 2-140. 

3. The photopoiymertzable composition of any of the preceding claims comprising the pdyurethane, a car- 
baxyl group-containing, flm-forming polymeric binder, a free-radical phototnftlator. a poryfunctionai addh 
tiarvpalymerrzabte monomer, and a thermal polymerization Inhtota. 

4. The photopdymerizable composition of any of the preceding claims wherein the pofyurethane has a me* 
thacryiate or acrytata and group et each end of the polymer chain. 

5. An article comprising the dry-film photoporym^izable composition of any of the preceding claims dis- 
posed on a carrier. 

6. The article of claim 6 wherein the article comprises the photopotymerizable composition sandwiched be- 
.. tween a flexible carrier film and a flexible cover fim. 

7. The article of claims 5 or 6 wherein the polyurethane is present in an amount of 2-30%, based on the 
weight of the dry-film photo pdymerizable composition. 

a. The article of claims 5, 6 or 7 wherein the photopolymerizahle composition comprises the hydroxyt-modi- 
f ted vinyl chloride/vinyl acetate polymer, a carboxyi group-containing, flm-formfng polymeric binder, a 
free-radical pnotoinitiator, a polyfunctional a<Wltlon-polymerlzaWe monomer, and a thermal polymeriza- 
tion Inhibitor. 

0. The article of claims 5. 6, 7 or 8 wherein the polyurethane has a methacrytate end group at each end of 
the polymer chain. 

10. In a method of using a dry-film photopolymerteable composition comprising the steps of applying to a sub- 
strate an aquoous-davelopaUe dry-film photopolymerizable compoetton disposed on a carrier, exposing 
the photopoiymertzable composition tmagewtee through the carrier to actinic radiation sufficient to cure 
the phctoporymertzable composition In exposed areas, removing the carrier from the photopolymerizable 
composition, and washing the photopolymerizable composition with an alkaline aqueous solution to re- 
move uncured photopolymerizable composition from the substrate, the improvement wherein the photo- 
polymertzable composition further comprises a ce^boxyl-containing polyurethane having at least one 
ethylenloally unsaturated end group, and is present In an amount of 0.5-30% based on the weight of the 
dry-fSm photopolymerizable composition. 

11. The method of claim 10 wherein the polyurethane has an acid number of 2-140. 

12. Trie method of cteima 10 and 11 wherein the photopolyrnerizable composition comprises the poryur- 
ethane, a carboxyi group-containing, fim-formtng polymeric binder, a free-radical pnotoinitiator, a poly- 
functions! addftioo-polymenzable monomer, and a thermal polymerization Inhibitor; 

13. The method of claims 10, 11 or 12 wherein the polyurethane has a methacrytate or acryiate end group 
at each end of the polymer chain. 

14. In a composition comprising a carboxyi group-containing, fflm-formlng polymeric binder, a free-radical 
photomKiator, polyfunctional addftton-polymerizaWe monomer, a thermal polymerization inhfoitor, and a 
solvent, the improvement wherein the composition further comprises a csrt>oxyl-contalning polyurethane 
having at least one ethytenically unsaturated end group, and Is present in an amount of 0.6-30% based 
on the weight of the composition without the solvent. 

15. The composition of claim 14 wherein the polyurethane has an add number of 2-140. 

16. The composition of claims 14 or 15 wherein the polyurethane has a methacrylate or acryiate end group 
at each end of the polymer chain. 
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